Abstract Studies have shown an increased risk of breast cancer associated with diabetes which may be due to differences in mammography use among women who have diabetes compared with women who do not have diabetes. Baseline data was used from the Southern Community Cohort Study -a prospective cohort study conducted primarily among low-income persons in the southeastern United Statesto examine the association between diabetes and mammography use. In-person interviews collected information on diabetes and mammography use from 14,665 white and 30,846 black women aged 40-79 years between 2002 and 2009. After adjustment for potential confounding, white women with diabetes were no more likely (odds ratio [OR] 0.95, 95% confidence interval [CI] 0.85-1.06) to undergo mammography within the past 12 months than white women without diabetes. Nor was there an association between diabetes and mammography use among black women (OR 1.00, 95% CI 0.93-1.07). An increase in mammography use was seen within one year following diabetes diagnosis, more so among white than black women, but this was offset by decreases thereafter. Although there was some 2210-6006/$ -see front matter ª 2014 http://dx
Introduction
Meta-analyses of the association between diabetes and breast cancer have reported a summary relative risks (RRs) of approximately 1.20, with 95% confidence intervals (CIs) ranging from 1.12 to 1.30 [1] [2] [3] [4] . Three of the four meta-analyses were stratified by menopausal status at breast cancer diagnosis, and reported an increased breast cancer risk associated with diabetes among women diagnosed post-menopause, but not among women diagnosed prior to menopause [2] [3] [4] . One of the meta-analyses restricted to more recent studies found stronger RRs in studies conducted among European women (RR 1.88, 95% CI 1.56-2.25) than among American women (RR 1.16, 95% CI 1.12-1.20), and no association among Asian women (RR 1.01, 95% CI 0.84-1.21) [4] . The increase in postmenopausal breast cancer risk associated with diabetes has been reported also in more recent, large cohort studies conducted since the meta-analyses [5] . In particular, Bowker and colleagues reported that the risk for breast cancer diagnosed among women at age 55 years or older, and presumably postmenopausal, was non-significantly increased for 0-3 months following a diagnosis of diabetes (HR 1.31, 95% CI 0.92-1.86), but then returned to baseline from 3 months to 10 years following the diabetes diagnosis (HR 1.00, 95% CI 0.90-1.11) [6] . The authors concluded that the initially elevated post-menopausal breast cancer risk may have been due to detection bias.
Possible explanations for the positive association between diabetes and post-menopausal breast cancer have included a direct effect of diabetes on increased breast cancer growth by altering levels of insulin, insulin-like growth factors and endogenous sex hormones [3] , residual confounding by obesity [7] , or an indirect effect due to differences in mammography use among women who have diabetes compared with women who do not have diabetes [6] . Initial increases followed by reductions in RRs with increasing time since diabetes diagnosis have been reported for several other cancers (lung, cervical, ovarian, pancreatic and prostate), but not all cancers (colorectal, liver and endometrial) examined and no pattern with regard to the availability of screening tests [8] . Three studies conducted in the United States [9] [10] [11] and one in Canada [12] reported that women with diabetes were less likely than women without diabetes to have received a recent mammogram, but an analysis restricted to black women [11] found no difference in mammography use by diabetes status. In contrast, a previous study in the Southern Community Cohort Study (SCCS) population that investigated the association between obesity and mammography use reported, for both blacks and whites, a higher percentage of self-reported mammography within the past two years among women with diabetes (black 78.4%; white 71.5%) than among women without diabetes (black 71.1%; white 67.9%) [13] . In this SCCS-based study, after adjustment for health insurance coverage and other confounders, black women who were overweight or obese were more likely to have undergone recent mammography, while white women who were obese were less likely. It was hypothesized that recent mammography would be most prevalent near the time of diabetes diagnosis, and the association would differ among black and white women. Unlike previous studies, adjustments will be made for obesity in investigating the associations of diabetes and mammography use and the timing of mammography after diabetes diagnosis.
Materials and methods
Detailed methods of the SCCS appear elsewhere [14] . Briefly, the cohort included a total of 14 ducted in-person interviews with subjects who provided written informed consent. All variables in the present analysis are based on self-report. Women were considered to have diabetes if they reported having been told by their doctor they had diabetes or high blood sugar. Information on time since diagnosis (<1-year and then 5-year categories) and use of diabetes medications (oral or insulin, results were similar for both types of medication and were collapsed) was used to further categorize diabetes. Mammography use was categorized as having occurred within the 12 months prior to entry into the study. This study stratified by race a priori, since a previous study reported a lower likelihood of a recent mammogram among white diabetic patients than non-diabetic patients, but no association among black women [11] . Potential confounders of the diabetes and mammography use associations included: age, total annual household income, educational level, marital status, family history of breast cancer, health insurance coverage, recruitment source, maximum BMI (kg/ m 2 ) based on self-report, hypertension, cholesterol medication use (previously associated with mammography) [15] , alcohol intake, menopausal status, hormone replacement therapy, and leisure-time moderate and vigorous physical activity in hours per week during their 30s, as categorized in Tables  1 and 2 . Based on previous studies of diabetes or metabolic syndrome and breast cancer, menopausal status [2] [3] [4] [5] [6] 16] , age [16] and maximum BMI [16] were assessed as effect modifiers of the diabetes and mammography use association prior to being assessed as confounders. Health insurance coverage was also examined as an effect modifier since it was strongly associated with mammography in this study. For the assessment of effect modification, menopausal status was categorized as premenopausal or postmenopausal, age was categorized as <65 years or P65 years, maximum BMI was categorized as <30 or P30, and health insurance coverage was categorized as none or any (Medicare/Medicaid/private/CHAMPUS/ other).
Statistical analyses were performed in SAS version 9.2. This study assessed statistically significant (two-sided, p < 0.05) differences between women with diabetes and women without diabetes for potential confounders using chi-square tests. Unconditional logistic regression was used to estimate the odds ratios (Ors) and 95% CIs for mammography use associated with diabetes. Interaction terms, the product of diabetes and the putative effect modifiers (menopausal status, age, maximum BMI, and health insurance coverage), were added to logistic regression models and likelihood ratio tests were performed to test for effect modification. Variables were considered confounders if their addition to the model changed the unadjusted OR by 10% or more. Table 1 presents demographic and other characteristics of white women who did (n = 4807, 32.8%) and did not (n = 9858) receive a mammogram in the past 12 months. In comparison with women who did not receive a mammogram, women who did receive a mammogram tended to be older, have a higher household income, have a higher education level, be married or living with a partner, have a family history of breast cancer, have private health insurance, have a lower maximum BMI, be taking cholesterol medications, be never or former smokers, be post-menopausal, have taken hormone replacement therapy, and engaged in less vigorous physical activity during their 30s. With the exception of engaging in less moderate physical activity during their 30s, similar patterns were seen in comparing black women who did (n = 9145, 29.6%) and did not receive a mammogram (n = 21,701), as seen in Table 2 . Table 3 presents ORs for the association between diabetes measures and mammography within the past 12 months among white and black women. There was no evidence of effect modification by menopausal status, age, maximum BMI, or health insurance coverage so models are adjusted Among black women, 28.8% of those without diabetes and 32.2% of those with diabetes had received a mammogram. As was seen in white women, there was no association between diabetes and mammography use among black women (OR 1.00, 95% CI 0.93-1.07), but there was also no significant association between mammography use and time since diabetes diagnosis or use of diabetes medications. However, similar to whites, a non-significant higher odds ratio of mammography use was observed within a year of diabetes diagnosis when compared against black women without diabetes (OR 1.18, 95% CI 0.97-1.43) (not shown). The diabetes and mammography use association did not differ by menopausal status among black women (premenopausal OR 1.01, 95% CI 0.88-1.16; post-menopausal OR 0.99, 95% CI 0.92-1.07; p-value for interaction = 0.24) (not shown).
Results

Discussion
Although previous studies among whites have reported lower mammography use among women with diabetes compared with women without diabetes [9] [10] [11] [12] , this study found no difference in recent mammography use by diabetes status overall. These findings among blacks were similar to those of McBean and Yu [11] in that women with and without diabetes received recent mammography with similar prevalence overall. It was not possible to categorize time-since-diabetes-diagnosis any more finely than 1 year, but the higher mammography use within a year of diabetes diagnosis followed thereafter by lower use (with 30% and 12% reductions in mammography use among whites and blacks, respectively) is consistent with the findings of Bowker et al. [6] who reported an elevated postmenopausal breast cancer risk within 3 months of diabetes diagnosis that disappeared with time following the diagnosis.
To further explore the racial difference in timing of mammography relative to diabetes diagnosis, a sensitivity analysis was performed restricted to women who had been diagnosed with diabetes, hypertension or high cholesterol and who received a mammogram to determine whether the distributions were similar for the three chronic conditions (not shown). Time between diagnosis and mammography was categorized as less than one year vs. one year or greater. The percentage of women with hypertension (whites 7.9%, blacks 6.9%, pvalue = 0.014) and women with high cholesterol (whites 13.0%, blacks 17.5%, p-value <0.0001) who received a mammogram within one year of diagnosis differed significantly by race, but the direction of association with race differed for hypertension and high cholesterol, while the percentage of women with diabetes who received a mammogram within one year of diagnosis did not differ significantly by race (whites 10.1%, blacks 9.4%, p-value = 0.298). The absence of a consistent, systematic racial pattern for mammography use following diagnosis of various chronic diseases lends support to the validity of these findings. Thus, higher mammography use in the short-term following a diabetes diagnosis may account in part for the slightly elevated breast cancer risk associated with diabetes among white women, but not among black women.
A limitation of this study was the self-reporting of mammography use and diabetes; however, a validation sub-study of the SCCS found that over 95% of self-reported diabetes could be confirmed through a medical chart review [14] . Approximately one fourth of diabetes is undiagnosed, so there may have been a misclassification of self-reported diabetes status among those not reporting diabetes [17] . Mammography histories were not collected in this study and therefore the indication for the mammogram was unknown, so there may have been women receiving diagnostic rather than screening mammograms. In addition, self-reported dates of diabetes diagnosis or whether diabetes was diagnosed within the year prior to entry into the cohort preceding the recent mammography was not validated. However, the correct temporal sequence of diabetes preceding the mammography is assured for the great majority of diabetes pa-tients with greater than one year duration of diabetes.
Study strengths included the large size of the study and assessment of effect modification and confounding. The numbers of women were sufficient to investigate the associations between diabetes and mammography use in white and black women separately. Menopausal status, age, maximum BMI and health insurance were assessed as effect modifiers in an attempt to disentangle their contribution to the diabetes and mammography use association. These and other confounders were adjusted to isolate the effect of diabetes on mammography apart from its effect on access to care.
Conclusions
In conclusion, although there was some evidence of higher mammography use within one year of diabetes diagnosis, these results suggest that mammography use is not related to diabetes. Possible direct effects of diabetes on increased breast cancer growth through causal pathways should continue to be explored.
